Plasma Membrane Order In T Cell Signalling  by Dinic, Jelena et al.
Sunday, March 1, 2009 95aobtained by knocking down PKCawith small interfering RNA duplexes. Taken
together, these data demonstrate that PtdIns(4,5)P2 itself targets PKCa to the
plasma membrane through the polybasic cluster located in the C2 domain,
with this interaction being critical in the signaling network involved in neural
differentiation.
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Voltage-sensitive phosphatases (VSPs) have a voltage sensor linked to a phos-
phoinositide (PI) 5-phosphatase, which hydrolyzes plasma membrane PI-
(4,5)-bisphosphate (PIP2) to PI(4)P (Iwasaki, PNAS 105, 7970). We used
PIP2 hydrolysis by VSP from Ciona intestinalis (ci-VSP) and zebrafish (dr-
VSP) to better understand PIP2 binding and resynthesis. PIP2 was monitored
using the PIP2-sensitive M-current (KCNQ2/3) and FRET between a pair of
PIP2-binding probes (PH-PLCd1-CFP & PH-PLCd1-YFP). Depolarizations to
þ100 mV lasting >50 ms reduced M-current and PH-probe FRET. PIP2 de-
pletion was saturated by depolarizations lasting 500-1000 ms. Evidently PH-
probe FRET and M-current respond quickly to changes in plasma membrane
PIP2.
After repolarization, PH-probe FRET and M-current relaxed to baseline values
with time constants of ~10 s in a wortmannin-insensitive manner. This reflects
endogenous PIP 5-kinase converting PI(4)P back to PI(4,5)P2. Overexpression
of PIP 5-kinase increased the length of depolarization required to deplete PIP2,
and speeded PIP2 recovery after repolarization.
Recovery of PIP2 after VSP activation is ~10x faster than after PLC activation.
However, it only requires PIP 5-kinase, whereas recovery after PLC activation
requires PI 4-kinase and PIP 5-kinase in series. Thus PI 4-kinase must be the
slower enzyme. To estimate the rate of PI 4-kinase, we compared translocation
of a fluorescent probe that reports plasma membrane PI(4)P (PH-OSH2,
T.Balla) to translocation of the PIP2-binding probe in confocal time-lapse im-
aging. Upon PLC activation through M1 receptors, the plasma membrane
PI(4)P signal decreased 20 s later than the PIP2 signal. Both probes recovered
with similar time courses. FRET photometry between either PIP2-probes or
PI(4)P-probes showed comparable results. The simultaneous recovery of
both probes is consistent with the hypothesis that recovery of PIP2 is governed
by rate-limiting synthesis of PI(4)P by the PI 4-kinase, followed by rapid con-
version of PI(4)P into PI(4,5)P2 by the PIP 5-kinase.
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Phosphatidylinositol-4,5-bisphosphate (PI(4,5)P2) is by far the most abundant
of all phosphoinositides (about 1% of all membrane phospholipids) and is
found primarily at the cytoplasmic leaflet of the plasma membrane. PI(4,5)P2
can be converted by class I PI 3-kinases to PI(3,4,5)P3, which is a second mes-
senger molecule affecting processes like cell survival and proliferation. PTEN
is an important tumor suppressor protein that converts PI(3,4,5)P3 back to
PI(4,5)P2, thereby keeping the basal levels of PI(3,4,5)P3 low. We have dem-
onstrated recently that PTEN is allosterically activated by PI(4,5)P2, which in-
teracts with the N-terminal end of PTEN. Here we study the interaction of the
PI(4,5)P2 binding domain of PTEN (PTEN1-21) with model membranes con-
taining PI(4,5)P2 using
31P-NMR. Using both magic angle spinning (MAS)
and static solid state NMR we probe the interaction of PTEN1-21 with lipid
phosphates. We determined the intrinsic T1 and T2 relaxation times of the phos-
phomonoester groups of PI(4,5)P2 and the phosphodiester group of dioleoyl-
phosphatidylcholine, which form the lipid matrix into which PI(4,5)P2 was dis-
persed. PTEN1-21 is highly basic, containing several Lys and Arg residues
which are thought to give rise to a largely electrostatic PTEN/PI(4,5)P2 inter-
action. We show here that the binding of PTEN1-21 to PI(4,5)P2 bilayers dra-
matically affects the membrane structure, indicating that the PTEN1-21/
PI(4,5)P2 interaction is likely more than a simple electrostatic interaction.
This is in accordance with our recent findings that PTEN/phosphoinositide in-
teraction is specific for PI(4,5)P2. Lys13 is crucial for this specific interaction
and this study explores the interaction of the Lys13 of PTEN with the phospho-
monoester groups of PI(4,5)P2.491-Pos Board B370
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Plasma membrane nanodomains, referred to as lipid rafts, more ordered than
the bulk membrane play an important role in T cell signalling by forming sig-
nalling platforms in activated T cells. However, the existence of lipid rafts in
resting T cells is contentious. Using laurdan, a membrane probe whose peak
emission wavelength depends on the lipid environment, evidence is presented
for the existence of ordered nanodomains in resting T cells.
T cell signalling can be initiated by stimulating the T cell receptor (TCR),
crosslinking the lipid raft markers GM1 (sphingolipid) or glycosylphosphatidy-
linositol (GPI) anchored proteins. The aggregation of lipid raft components in-
duces the same response in Jurkat T cells as the ligation of an antigen to the
TCR. Changes in membrane order linked with reorganization of the plasma
membrane upon Jurkat T cell activation were followed at 37C. Fluorescent im-
ages were analyzed for generalised polarisation values - a measure of the rela-
tive abundance of liquid ordered and liquid disordered domains. TCR patching
does not increase the overall membrane order suggesting that membrane do-
mains of high order are brought together in the patches. This supports the ex-
istence of small ordered membrane domains in resting T cells that aggregate
upon activation. Patching of GM1, the GPI-anchored protein CD59 and the
non lipid raft marker CD45 significantly increases the overall membrane order.
So does general crosslinking of membrane components with Concanavalin A.
Remodelling of the actin cytoskeleton is an integral part of TCR signaling and
T cell activation. Disrupting actin polymerization using latrunculin B decreases
membrane order and stabilizing actin filaments with jasplakinolide increases
membrane order. An increase in membrane order appears to be a general effect
of plasma membrane component patching and is likely due to a global induc-
tion of actin polymerization at the plasma membrane.
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Many proteins participating in cellular processes contain BAR domains that
have been implicated in membrane shaping and deformation. These BAR do-
mains can either induce significant membrane curvatures or sense high-curva-
ture regions on cell membranes, but the mechanism for this action is still not
well understood. One suggestion is that BAR domains work collectively and
achieve significant bilayer deformations only through a suitable organization
at membrane interfaces. In contrast, evidence from some atomistic simulations
suggests that a single BAR can substantially deform a lipid membrane locally.
Here we present results from a self-consistent mean-field model of BAR do-
main association on membranes, suggesting that a single Amphyphisin BAR
is capable of producing a steady state, where the initially near-planar membrane
curves significantly. However, using our approach we predict that such defor-
mation will occur only for membrane patches that have the propensity to attain
high spontaneous curvature, and that such favorable preconditioning may be
the result of either local lipid demixing, or of a preceding insertion of the
BAR domain’s amphyphatic N-helix. Both events have been predicted to bring
about asymmetry in the two membrane monolayers. To contrast, our simula-
tions also show that local segregation of charged lipids under the influence
of the adsorbing BAR domain alone cannot produce high enough asymmetry
between bilayer leaflets, and that in the absence of additional energetic sources
that favor membrane asymmetry, the membrane will remain near-flat within
fluctuations upon BAR adsorption. Thus, we conclude that N-helix insertions
may have a critical mechanistic role in the function of the BAR domain, and
that the electrostatic interactions between BAR and membrane are essential
for sensing and stabilization of bilayer curvature.
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TheMeyer-Overton Rule and other more recent experimental observations sug-
gest that the fluidity of the lipid membrane is involved in nerve propagation and
in mechanisms behind anesthesia. In other words, Hodgkin-Huxley may not be
